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Background.  Bacterial  conjunctivitis  usually  occurs  as  sporadic  cases;  outbreaks  are  uncommon  and  usually 
are  associated  with  school  campuses.  We  report  an  outbreak  of  Streptococcus  pneumoniae  conjunctivitis  at  a  military 
training  facility. 

Methods.  An  outbreak  investigation  was  done.  Each  case  of  conjunctivitis  was  evaluated  with  an  assessment 
tool  including  demographic  and  clinical  data.  Conjunctival  swabs  were  obtained.  Pneumococci  underwent  standard 
testing,  including  serotyping  with  the  Quellung  reaction,  capsular  staining,  and  multilocus  sequence  typing.  Se¬ 
quence  types  were  compared  with  previous  reported  outbreak  strains  by  construction  of  dendrograms.  Carriage 
rates  of  S.  pneumoniae  were  determined  among  previously  undiagnosed  case  patients  with  conjunctivitis,  and  a 
case-control  study  was  performed.  Control  measures  included  education  to  increase  hand  washing,  distribution 
of  alcohol- based  hand  gel,  and  prompt  treatment  of  patients  with  conjunctivitis. 

Results.  During  a  6-week  period,  92  cases  of  conjunctivitis  occurred  among  3500  persons,  with  an  attack  rate 
of  1.75  cases  per  100  person-months.  Eighty  cases  (87%)  were  due  to  S.  pneumoniae;  45  (49%)  were  confirmed, 
and  35  (38%)  were  probable.  Ten  percent  of  recruits  surveyed  carried  the  outbreak  strain.  Twenty-two  percent 
self-reported  symptoms  consistent  with  conjunctivitis  during  the  outbreak  period;  sharing  washcloths  was  associated 
with  conjunctivitis  (odds  ratio,  11.7;  P  =  .03).  The  causative  organism  was  resistant  to  azithromycin  but  susceptible 
to  telithromycin.  The  outbreak  strain  was  an  unencapsulated  S.  pneumoniae  that  has  not  been  previously  described; 
it  was  most  closely  related  to  the  sequence  type  causing  the  Dartmouth  College  (Hanover,  NH)  outbreak  of 
conjunctivitis  in  2002. 

Conclusions.  We  report  a  conjunctivitis  outbreak  among  military  trainees  caused  by  a  novel,  unencapsulated 
strain  of  S.  pneumoniae. 


Bacterial  conjunctivitis  is  caused  by  a  variety  of  gram¬ 
positive  and  -negative  organisms,  including  Haemoph¬ 
ilus  influenzae ,  Staphylococcus  aureus ,  Streptococcus 
pneumoniaey  Chlamydia  trachomatis.  Neisseria  gonor- 
rhoeae,  and  gram-positive  anaerobes  [1,  2).  Although 
S.  pneumoniae  is  a  frequent  cause  of  sporadic  con¬ 
junctivitis  in  all  age  groups,  outbreaks  caused  by  this 
organism  are  infrequent  and  usually  linked  to  college 
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residences  [3,  4].  We  report  an  outbreak  of  S.  pneu¬ 
moniae  conjunctivitis  among  military  trainees  and  dis¬ 
cuss  the  clinical  and  molecular  characteristics  of  a  novel 
outbreak  strain. 

METHODS 

An  increase  in  the  number  of  conjunctivitis  cases  was 
noted  at  a  military  training  site  in  San  Diego,  California, 
during  the  first  week  of  December  2003.  Initial  cultures 
of  eye  secretions  suggested  S.  pneumoniae  as  the  caus¬ 
ative  organism.  An  outbreak  investigation  was  initiated 
on  5  December  to  determine  the  extent  of  the  outbreak, 
confirm  the  cause,  and  implement  preventive  strategies. 
The  setting  of  the  outbreak  was  a  military  base  in  San 
Diego,  with  3500  recruits  living  in  close  proximity  dur¬ 
ing  an  11-week  training  period.  Recruits  received 
the  pneumococcal  vaccine  (polyvalent  pneumovax  23; 
Merck)  and  influenza  vaccine  on  arrival  to  the  base 
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(training  day  1).  Traditionally,  recruits  receive  intramuscular 
benzathine  penicillin  every  4  weeks  for  prophylaxis  against 
group  A  streptococci;  however,  because  of  an  increase  in  re¬ 
spiratory  infections  several  months  earlier,  recruits  were  instead 
receiving  weekly  1-g  doses  of  oral  azithromycin. 

Each  potential  case  was  evaluated  with  a  standard  conjunc¬ 
tivitis  assessment  tool  including  demographic,  clinical,  and 
physical  examination  data.  Laboratory  testing  included  culture 
of  conjunctival  swabs  for  bacterial  and  viral  (adenovirus)  path¬ 
ogens.  Isolates  identified  as  S.  pneumoniae  underwent  bile  sol¬ 
ubility  and  optochin  susceptibility  testing,  serotyping  with  the 
Quellung  reaction,  capsular  staining,  and  multilocus  sequence 
typing  [5].  Multilocus  sequence  types  were  initially  aligned  with 
DNAStar.  Dendrograms  were  constructed  by  the  unweighted 
pair-group  method  with  arithmetic  averages  and  the  Jukes- 
Cantor  correction  performed  by  molecular  evolutionary  ge¬ 
netics  analysis  software  [6].  In  addition,  an  isolate  of  S.  pneu¬ 
moniae  from  a  conjunctivitis  outbreak  in  1980  in  this  recruit 
camp  was  acquired  and  compared  by  use  of  this  same  battery 
of  testing.  Antimicrobial  susceptibility  testing  was  done  by 
broth  microdilution  for  penicillin,  erythromycin,  telithromycin, 
trimethoprim-sulfamethoxazole,  clindamycin,  tetracycline,  lev- 
ofloxacin,  ceftriaxone,  and  vancomycin  [7].  The  Etest  method 
(AB  Biodisk)  was  used  to  determine  azithromycin  susceptibil¬ 
ities.  WBC  counts  were  determined  and  chest  radiographs  were 
done  for  select  case  patients  as  clinically  indicated.  Treatment 
with  an  ophthalmologic  antimicrobial  agent  was  given  on  the 
basis  of  provider  preference. 

A  confirmed  case  of  pneumococcal  conjunctivitis  was  de¬ 
fined  as  conjunctivitis  in  any  recruit  or  staff  member  occurring 
between  21  November  and  31  December  2003  with  a  culture 
from  eye  secretions  positive  for  S.  pneumoniae.  A  probable  case 
was  defined  as  conjunctivitis  with  no  pathogenic  organism 
identified  or  no  culture  sample  obtained.  Conjunctivitis  due  to 
an  alternative  cause  was  defined  as  a  case  with  isolation  of  a 
different  pathogenic  organism  known  to  be  associated  with 
conjunctivitis. 

Carriage  rates  of  S.  pneumoniae  and  cases  of  previously  un¬ 
diagnosed,  self-reported  conjunctivitis  among  recruits  were  de¬ 
termined  by  throat  cultures  and  risk  factor  surveys  among  151 
recruits  from  the  training  group  with  the  most  clinical  cases 
of  conjunctivitis.  Laboratory  results  were  matched  with  ques¬ 
tionnaire  data. 

The  outbreak  was  controlled  through  education  of  the  staff 
and  recruits  on  preventive  measures  such  as  hand  washing; 
alcohol-based  hand  gels  were  used.  Patients  with  conjunctivitis 
were  immediately  referred  to  the  medical  clinic  and  treated 
with  a  topical  antibiotic;  follow-up  in  the  clinic  was  required 
to  ensure  resolution.  Daily  review  of  all  conjunctivitis  cases  was 
done  until  the  outbreak  abated. 

“Baseline”  rates  of  conjunctivitis  were  assessed  by  reviewing 


outpatient  data  records,  including  all  ICD9-CM  (International 
Classification  of  Diseases ,  9th  edition ,  Clinical  Modification)  di¬ 
agnoses,  from  this  recruit  medical  clinic  between  1999  and 
2001.  Recruit  population  data  allowed  the  calculation  of  the 
number  of  conjunctivitis  cases  per  100  person-months  over 
this  period. 

Statistical  analysis  included  descriptive  data  of  the  cases,  and 
comparisons  were  made  between  the  etiologic  agents  by  use  of 
Fisher’s  exact  and  t  tests.  Statistical  analyses  of  the  risk  factors 
for  both  conjunctivitis  and  5.  pneumoniae  carriage  were  done 
with  SPSS  software. 

RESULTS 

Ninety- two  cases  of  conjunctivitis  were  diagnosed  among  3500 
recruits  between  21  November  and  31  December  2003,  for  an 
overall  attack  rate  of  1.75  cases  per  100  person-months  (figure 
1 ).  Ninety  cases  (98%)  were  among  recruits,  and  2  were  among 
staff.  In  the  most  affected  unit,  26  cases  occurred  among  400 
recruits,  for  an  attack  rate  of  4.3  cases  per  100  person-months. 
Historical  rates  of  conjunctivitis,  averaged  over  the  years  1999- 
2001,  were  0.79  cases  per  100  person-months,  with  1.10  cases 
per  100  recruit-months  during  the  winter  months. 

Of  the  92  conjunctivitis  cases,  80  (87%)  were  attributed  to 
S.  pneumoniae;  45  (49%)  were  confirmed  cases,  and  35  (38%) 
were  probable  cases.  Other  potential  pathogenic  organisms 
were  identified  in  12  cases  (9  cases  involving  H.  influenzae, 

2  involving  methicillin-susceptible  5.  aureus,  and  1  involving 
adenovirus). 

The  mean  age  of  patients  infected  with  5.  pneumoniae  was 
19.6  years  (range,  17-27  years),  which  was  not  significantly 
different  from  that  of  patients  with  cases  due  to  other  etiologies 
or  from  the  general  recruit  population.  All  cases  occurred  in 
persons  with  no  significant  medical  problems,  and  none  were 
currently  taking  antibiotics  other  the  weekly  doses  of  azith¬ 
romycin.  Most  cases  occurred  during  the  first  few  weeks  of 
training,  with  a  median  time  of  occurrence  on  day  14  of  training 
(range,  day  1-58).  There  were  no  statistically  significant  dif¬ 
ferences  among  the  clinical  characteristics  of  those  with  con¬ 
firmed  5.  pneumoniae  conjunctivitis,  compared  with  those  with 
conjunctivitis  that  had  other  etiologies  (table  1).  The  median 
time  of  eye  symptoms  before  presentation  was  2  days  (range, 
1-24  days).  The  most  common  symptom  among  those  with 
pneumococcal  conjunctivitis  was  discharge,  which  was  typically 
yellow;  other  signs  and  symptoms  in  descending  order  included 
itching,  periorbital  erythema,  burning,  swelling,  pain,  and 
periorbital  edema.  All  patients  were  afebrile  at  the  time  of 
presentation. 

Of  the  17  patients  with  confirmed  S.  pneumoniae  conjunc¬ 
tivitis  who  had  a  chest  radiograph  at  the  time  of  presentation, 

4  (23.5%)  had , confirmed  pneumonia;  another  patient  was 
given  the  diagnosis  of  acute  bacterial  sinusitis.  All  5  were  treated 
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Figure  1.  Epidemic  curve  for  an  outbreak  of  Streptococcus  pneumoniae  conjunctivitis,  San  Diego,  2003 


with  oral  levotloxacin.  Five  (33.3%)  of  15  patients  had  an  el¬ 
evated  WBC  count;  3  of  these  patients  had  normal  chest  ra¬ 
diograph  findings,  and  examination  revealed  no  source  of  in¬ 
fection  except  for  conjunctivitis. 

All  isolates  were  unencapsulated  and  susceptible  to  clinda¬ 
mycin,  tetracycline,  levotloxacin,  and  vancomycin;  33  were  sus¬ 
ceptible  to  penicillin  (MIC,  <0.06  pg/mL)y  and  9  had  inter¬ 
mediate  resistance  (MIC,  0.12  pg/mL).  All  isolates  were  resistant 
to  trimethoprim-sulfamethoxazole.  Macrolide  testing  revealed 
resistance  to  both  erythromycin  (MIC,  >1  pg/mL)  and  azith¬ 
romycin  (MIC,  48-64  pg/mL)y  but  all  isolates  were  susceptible 
to  telithromycin  (>19  mm  of  zone  inhibition  by  disk  diffusion). 
Eleven  isolates  were  genetically  sequenced  and  found  to  have 
an  identical  allelic  profile  (aroESy  gdh\0y  gki4y  recPly  spi2y  xptly 
ddt7 1)  by  multilocus  sequence  typing.  This  profile  was  not 
previously  reported  in  the  large  multilocus  sequence  typing 
database  (http://www.mlst.net)  of  pneumococcal  clones  and 
was  thus  assigned  a  new  sequence  type,  ST1186.  This  unique 
sequence  type  was  then  compared  with  those  of  other  pneu¬ 
mococcal  isolates  from  conjunctivitis  outbreaks.  The  allelic  pro¬ 
file  of  a  pneumococcal  isolate  associated  with  a  conjunctivitis 
outbreak  at  this  same  recruit  camp  in  1980  was  found  to  be 
ST378;  this  profile  was  previously  noted  in  the  multilocus  se¬ 
quence  typing  database  and  was  unique  from  outbreak  clone, 
ST1186.  Of  interest,  however,  the  closest  associated  S.  pneu¬ 
moniae  type  found  in  this  database  came  from  isolates  from 


the  recently  described  conjunctivitis  outbreak  at  Dartmouth 
College  (Hanover,  NH)  [4].  Figure  2  demonstrates  this  rela¬ 
tionship,  as  well  as  a  comparison  of  other  conjunctivitis  se¬ 
quence  types  found  in  the  multilocus  sequence  typing  database. 

All  case  patients  with  S.  pneumoniae  conjunctivitis,  with  3 
exceptions,  received  topical  antimicrobial  therapy  at  the  initial 
presentation,  which  included  polymyxin  B-trimethoprim  (22 
case  patients),  erythromycin  (19),  ciprofloxacin  (20),  poly¬ 
myxin  B-bacitracin  (10),  polymyxin  B  (4),  and  gentamicin  (2). 
Of  those  treated  initially  with  erythromycin,  4  (21.1%)  had 
persistent  symptoms  requiring  a  switch  to  another  topical  an¬ 
timicrobial  (ciprofloxacin),  which  resulted  in  clinical  success; 
there  was  only  1  other  clinical  failure,  which  occurred  in  a 
patient  initially  treated  with  polymyxin  B.  Most  erythromycin 
use  occurred  early  in  the  outbreak  before  antimicrobial  resis¬ 
tance  to  the  macrolides  was  known. 

The  survey  of  151  recruits  (4.3%)  performed  in  the  group 
most  affected  demonstrated  a  carriage  rate  of  9.9%  (15  re¬ 
cruits).  These  oropharyngeal  isolates  were  genetically  and  phe- 
notypically  identical  to  the  unencapsulated  organisms  in 
conjunctivitis  cases,  except  that  2  were  susceptible  to  trimeth¬ 
oprim-sulfamethoxazole.  Of  those  with  S.  pneumoniae  carriage, 
26.7%  had  eye  symptoms,  compared  with  21.3%  among  non- 
carriers  (OR,  1.4;  P  =  .7)  (table  2).  There  were  no  statistically 
significant  differences  in  demographic  characteristics,  clinical 
symptoms,  or  risk  factors  among  those  with  and  those  without 
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Table  1.  Characteristics  of  case  patients  during  outbreak  of  conjunctivitis  due  to  Streptococcus  pneumoniae , 
2003. 


Cause  of  conjunctivitis 


S.  pneumoniae _  pathogenic 


Characteristic 

Confirmed 
(n  =  45) 

Probable 
(n  =  35) 

Total 
(n  =  80) 

organisms 
(n  =  12) 

OR 

pa 

Age,  mean  years  (range) 

19.6  (17-27) 

20  (18-25) 

19.9  (17-27) 

19.7  (18-24) 

1.04 

.7 

Eye  symptom 

Duration,  median  days  (range) 

2  (1-24) 

2  (1-10) 

2  (1-24) 

1  d-4) 

1.3 

3 

Discharge 

96.7 

88 

92.7 

71.4 

5.1 

.1 

Colored  discharge 

92.6 

94.4 

93.3 

80 

3.5 

.4 

Eye  pain 

37.9 

20.8 

30.2 

28.6 

1.1 

1.0 

Itching 

41.4 

62.5 

50.9 

100 

.06 

Swelling 

44.8 

25 

35.8 

33.3 

1.1 

1.0 

Burning 

50.0 

20.8 

37 

16.7 

2.9 

.4 

Findings  on  examination 

Bilateral  involvement 

54.8 

51.7 

53.5 

37.5 

1.9 

.5 

Periorbital  edema 

30 

18.2 

25 

0 

.3 

Periorbital  erythema 

37.9 

59.1 

47.1 

16.7 

4.4 

.2 

Cough 

23.3 

36 

29.1 

28.6 

1.0 

1.0 

Radiographic  pneumonia6 

23.5 

14.3 

20.8 

0 

1.0 

Elevated  WBC  count6 

33 

16.7 

25.9 

33.3 

0.7 

1.0 

WBC  count,  mean  cells  X103  (range) 

9.5  (5.7-15.2) 

8.8  (5.1-12.1) 

9.2  (5.1-15.2) 

9.8  (8.2-10.9) 

0.9 

.5 

NOTE.  Data  are  percentage  of  case  patients  with  characteristic,  unless  otherwise  indicated. 

a  Comparison  between  S.  pneumoniae  conjunctivitis  and  conjunctivitis  due  to  other  pathogenic  etiology. 

b  Chest  radiography  and  WBC  tests  were  performed  on  a  subset  of  patients  on  the  basis  of  a  clinician's  assessment. 


S.  pneumoniae  carriage.  A  total  of  33  (21.9%)  of  the  151  sur¬ 
veyed  recruits  reported  a  recent  history  of  eye  symptoms  con¬ 
sistent  with  conjunctivitis.  Those  with  conjunctivitis  were  more 
likely  to  share  washcloths  with  other  recruits  (OR,  11.7;  P  = 
.03);  there  was  a  trend  towards  an  association  with  wearing 
glasses  (OR,  2.2;  P  =  .09)  and  a  history  of  contact  with  a  recruit 
with  conjunctivitis  (OR,  2.2;  P  =  .08). 

DISCUSSION 

We  report  a  military  training  camp  outbreak  of  conjunctivitis 
due  to  a  novel  5.  pneumoniae  strain.  During  the  6-week  out¬ 
break  period,  92  cases  of  conjunctivitis  occurred,  with  80  (87%) 
due  to  S.  pneumoniae ,  among  3500  military  members  (2.6% 
affected;  rate  of  1.75  cases  per  100  person-months).  The  num¬ 
ber  of  cases  was  likely  underestimated,  because  a  survey  revealed 
that  22%  of  1  training  group  self-reported  symptoms  consistent 
with  conjunctivitis  during  the  outbreak  period.  Ten  percent  of 
recruits  surveyed  carried  the  outbreak  strain.  The  causative 
organism  was  a  novel  unencapsulated  pneumococcal  isolate. 

Bacterial  conjunctivitis  manifests  as  abrupt  ocular  irritation 
and  purulent  discharge,  often  involving  both  eyes,  and  is  caused 
by  a  wide  range  of  gram-positive  and  -negative  organisms  [1 1. 
Diagnosis  is  established  by  culture  of  eye  secretions.  Although 
5.  pneumoniae  is  often  the  cause  of  sporadic  conjunctivitis. 


outbreaks  are  uncommon  [2]  and  have  usually  occurred  among 
students  [3,  4,  8).  The  most  recent  outbreak  occurred  in  Feb¬ 
ruary  2002  at  Dartmouth  College,  with  698  cases  of  conjunc¬ 
tivitis  over  a  3-month  period;  110  were  proven  to  be  due  to 
S.  pneumoniae .  Analysis  of  the  isolates  showed  an  unencap¬ 
sulated  strain  that  was  identical  to  previous  outbreak  strains  in 
the  1980s  [4).  An  additional  5.  pneumoniae  conjunctivitis  out¬ 
break  in  2002  at  an  elementary  school  in  Maine  (101  cases,  1 1 
of  which  were  proven  to  be  due  to  S.  pneumoniae)  was  caused 
by  a  strain  identical  to  the  Dartmouth  College  outbreak  strain 
[9].  Other  outbreaks  have  included  1567  conjunctivitis  cases 
among  students  in  7  colleges  in  New  York  State  (1980),  294 
cases  in  college  students  in  New  York  (1981),  and  1189  uni¬ 
versity  students  in  Illinois  (1981)  [10J. 

Two  prior  outbreaks  of  S.  pneumoniae  conjunctivitis  have 
occurred  among  military  trainees.  An  outbreak  at  the  same 
recruit  training  center  in  San  Diego  as  our  report  occurred  in 
September  of  1980,  resulting  in  80  cases  of  conjunctivitis  (10). 
At  the  Great  Lakes  Navy  Training  Center  in  Illinois,  561  con¬ 
junctivitis  cases  were  described  over  a  3-month  period  in  1996; 
32  (33%)  of  the  97  samples  cultured  were  positive  for  S.  pneu- 
moniae  [11],  The  outbreak  reported  here  is  unique  because  of 
the  high  rate  of  positive  culture  results  and  discovery  of  a  new 
outbreak  strain. 
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Figure  2.  Genetic  reiatedness  of  pneumococcal  sequence  types  by  multilocus  sequence  typing  associated  with  conjunctivitis  cases.  Linkage  distance 
is  shown  at  bottom.  Data  for  isolates  indicated  with  solid  square  or  triangle  were  obtained  from  multilocus  sequence  typing  database  (http:// 
www.mlst.net).  Solid  diamond,  outbreak  clone;  solid  circle,  pneumococcal  isolate  from  1980  outbreak  at  same  recruit  camp. 


As  demonstrated  in  figure  2,  pneumococci  causing  con¬ 
junctivitis  are  diverse.  This  diversity  is  consistent  with  the 
known  epidemic  population  structures  that  exist  because  of  the 
frequency  of  recombination  events  in  pneumococci  [12,  13]. 
We  did  observe  a  close  relationship  between  our  outbreak  strain 
and  the  sequence  type  observed  in  the  outbreak  clone  identified 
in  the  Dartmouth  College  investigation  [4].  Furthermore,  our 
strain  also  shares  similarities  with  the  Dartmouth  clone 
in  erythromycin  resistance  patterns  observed  and  lack  of 
encapsulation. 

Recently  reported  S.  pneumoniae  isolates  from  conjunctivitis 
outbreaks  are  unencapsulated  and,  thus,  nontypeable  [11,  14— 
16].  Most  S.  pneumoniae  isolates  recovered  from  other  body 
sites  are  encapsulated  [4,  10);  the  capsule  serves  as  a  major 
pathogenic  factor  for  invasive  disease  by  preventing  phagocy¬ 
tosis.  Because  conjunctivitis  is  a  superficial  process,  the  presence 
of  a  capsule  is  not  necessary  for  infection,  in  fact,  some  studies 
have  suggested  that  unencapsulated  pneumococci  may  be  more 
adherent  to  mucosal  surfaces  than  are  those  containing  a  cap¬ 
sule  [16-18].  Pneumococci  usually  reach  the  conjunctiva  from 
the  nasopharynx,  after  exposure  of  respiratory  droplets,  or  by 
direct  contact  [19];  the  tropism  for  the  conjunctiva  may  be 
related  to  the  lack  of  antibodies  and  complement  in  this  en¬ 
vironment  [11].  Adhesins  and  surface  proteins,  such  as  pneu¬ 
mococcal  surface  adhesion  A,  surface  protein  C,  and  choline¬ 
binding  protein  A,  are  important  for  surface  attachment  [20]. 
After  adhesion  to  the  conjunctival  surface,  production  of  cy- 
tolysin  may  play  a  role  in  the  development  of  conjunctivitis, 
as  demonstrated  in  animal  models  [19].  The  precise  patho¬ 
genesis  by  which  encapsulated  pneumococci  cause  conjuncti¬ 
vitis  requires  further  study. 

The  clinical  manifestations  of  S.  pneumoniae  in  our  outbreak 
were  typical,  with  mucopurulent  discharge  being  the  most  com¬ 


monly  reported  symptom.  More  than  one-half  of  the  case  pa¬ 
tients  had  bilateral  involvement  at  initial  presentation;  the  or¬ 
ganism  frequently  involves  the  other  eye  within  the  first  48  h 
of  illness  [1].  Of  note,  4  of  our  case  patients  with  confirmed 
S.  pneumoniae  conjunctivitis  had  concurrent  pneumonia  at  the 
time  of  diagnosis.  No  other  pathogens  were  isolated;  thus,  it 
is  unclear  whether  the  outbreak  isolate  played  a  role  in  these 
invasive  infections.  There  have  been  no  reports  of  unencap¬ 
sulated  pneumococci  causing  pneumonia.  All  conjunctivitis 
cases  had  uncomplicated  resolution;  this  is  consistent  with  the 
literature,  suggesting  that  cases  are  self-limited  and  typically 
resolve  within  1  week  [19].  Nonetheless,  use  of  a  topical  an¬ 
tibiotic  has  been  shown  to  shorten  the  duration  of  clinical 
disease  and  enhance  organism  eradication  [21].  In  this  out¬ 
break,  21%  of  case  patients  receiving  topical  erythromycin  re¬ 
turned  to  the  clinic  with  continued  symptoms  and  were  suc¬ 
cessfully  treated  with  topical  ciprofloxacin. 

All  S.  pneumoniae  isolates  recovered  from  patients  with  con¬ 
junctivitis  had  similar  antibiograms.  Of  interest,  all  isolates  were 
resistant  to  erythromycin  and  azithromycin  but  susceptible  to 
the  new  ketolide,  telithromycin.  These  data  are  consistent  with 
studies  showing  improved  efficacy  of  telithromycin  against 
pneumococcal  isolates  [22-25].  Two  months  before  the  out¬ 
break,  azithromycin  replaced  benzathine  penicillin  for  preven¬ 
tion  of  respiratory  and  group  A  streptococcal  infections  and 
was  administered  to  all  3500  military  trainees  on  a  weekly  basis. 
This  change  in  antibiotic  prophylaxis  was  in  response  to  in¬ 
creasing  cases  of  pneumonia  predominantly  due  to  atypical 
pathogens,  including  Mycoplasma  pneumoniae  and  Chlamydia 
pneumoniae;  studies  had  previously  shown  the  utility  of  azith¬ 
romycin  in  this  situation  [26-28].  The  use  of  azithromycin  may 
have  created  selective  pressure  towards  macrolide- resistant 
pneumococci  in  the  camp  [29].  Of  interest,  most  isolates  were 
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Table  2.  Characteristics,  symptoms,  and  risk  factors  of  persons  with  and  those  without  pharyngeal  carriage  of  Streptococcus 
pneumoniae  and  with  and  without  cases  of  conjunctivitis  during  outbreak,  2003. 


Characteristic 

Patients  with 

S.  pneumoniae 
carriage 
(n  =  15) 

Patients  without 
S.  pneumoniae 
carriage 
in  =  136) 

ORa 

pa 

Patients  with 
self-reported 
conjunctivitis 
in  =  33) 

Asymptomatic 
persons 
in  =  118) 

ORb 

pb 

Age,  mean  years  (range) 

19.5  (18-23) 

19.7  (18-26) 

0.9 

.89 

19.9  (18-22) 

19.6  (18-26) 

1.1 

.11 

White  race 

10  (66.7) 

86  (63.2) 

1.2 

.98 

22  (66.7) 

74  (62.7) 

1.2 

.83 

Eye  infection 

Symptoms  consistent 
with  conjunctivitis 

4  (26.7) 

29  (21.3) 

1.3 

.74 

33  (100) 

Duration  of  conjunctivitis, 
median  days  (range) 

2  (1-3) 

3  (1-10) 

0.3 

.08 

3  (1-10) 

Missed  work  because  of 
conjunctivitis 

1  (6.7) 

3  (2.2) 

3.2 

.34 

4  (12.1) 

0 

CM 

O 

O 

Other  symptom 

Fever 

0 

10  (7.4) 

.60 

2  (6.1) 

8  (6.8) 

0.9 

1.0 

Cough 

8  (53.3) 

73  (53.7) 

1.0 

.80 

21  (63.6) 

60  (50.8) 

19 

.20 

Sore  throat 

4  (26.7) 

44  (32.4) 

0.8 

.76 

10  (30.3) 

38  (32.2) 

0.92 

1.0 

Risk  factor 

Contact  with  person  with 
conjunctivitis 

7  (46.7) 

53  (39) 

1.4 

.76 

18  (54.5) 

42  (35.6) 

2.2 

.08 

Sharing  towels 

1  (6.7) 

0 

.10 

1  (3) 

0 

.22 

Sharing  washcloths 

0 

4  (2.9) 

1.0 

3  (9.1) 

1  (0.8) 

11.7 

.03° 

No  use  of  soap 

2  (13.3) 

4  (2.9) 

5.1 

.11 

1  (3) 

5  (4.2) 

0.7 

1.0 

No  use  of  liquid  hand  cleaner 

0 

0 

0 

0 

Cigarette  use  in  past  6  months 

4  (26.7) 

54  (39.7) 

0.6 

.48 

16  (48.5) 

42  (35.6) 

1.7 

.25 

Wearing  glasses 

6  (40) 

42  (30.9) 

1.5 

.56 

15  (45.5) 

33  (28) 

2.2 

.09 

NOTE.  Data  are  no.  (%)  of  persons,  unless  otherwise  indicated. 
a  For  patients  with  S.  pneumoniae  carriage  vs.  patients  without  S  pneumoniae  carriage 
b  For  patients  with  self-reported  conjunctivitis  vs.  asymptomatic  persons. 
c  Statistically  significant  (P<.05). 

susceptible  to  penicillin;  reports  of  ocular  infections  due  to 
penicillin-resistant  S.  pneumoniae  have  been  noted  [30]. 

The  outbreak  was  controlled  through  education  about  good 
hygienic  practices,  including  avoiding  sharing  washcloths,  in¬ 
creasing  hand  washing,  and  using  alcohol-based  gels.  Alcohol- 
based  gels  have  been  useful  in  controlling  other  conjunctivitis 
outbreaks,  but  a  formal  study  of  their  utility  in  this  setting  is 
lacking  [4];  their  usefulness  has  been  proven  in  hospital  settings 
[31].  Another  component  in  the  control  of  the  outbreak  was 
likely  the  reduction  of  the  number  of  military  trainees  at  the 
camp,  which  serendipitously  occurred  during  the  holiday  sea¬ 
son.  It  is  unclear  which,  if  any,  of  these  preventive  strategies 
were  important  in  halting  the  outbreak.  Pneumococcal  im¬ 
munization  was  not  useful  in  this  outbreak;  although  the  23- 
valent  polysaccharide  vaccine  has  excellent  efficacy  in  pre¬ 
venting  pneumococcal  bacteremia  in  adults,  it  has  no  significant 
benefit  in  preventing  surface  infections,  such  as  conjunctivitis, 
otitis  media,  or  pneumonia  [32,  33 1.  Furthermore,  the  antibody 
response  generated  is  to  that  of  capsular  polysaccharides;  how¬ 
ever,  the  outbreak  strain  was  unencapsulated.  A  better  under¬ 
standing  of  the  pathogenesis  of  pneumococcal  infections  [20], 


particularly  those  due  to  unencapsulated  strains,  is  needed  to 
devise  improved  preventive  strategies. 
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Table  2.  Characteristics,  symptoms,  and  risk  factors  of  persons  with  and  those  without  pharyngeal  carriage  of  Streptococcus 
pneumoniae  and  with  and  without  cases  of  conjunctivitis  during  outbreak,  2003. 


Characteristic 

Patients  with 

S.  pneumoniae 
carriage 
(n  =  15) 

Patients  without 

S.  pneumoniae 
carriage 
[n  =  136) 

0Ra 

pa 

Patients  with 
self-reported 
conjunctivitis 
(n  =  33) 

Asymptomatic 

persons 

In  =  118) 

ORb 

pb 

Age,  mean  years  (range) 

19.5  (18-23) 

19.7  (18-26) 

0.9 

.89 

19.9  (18-22) 

19.6  (18-26) 

1.1 

.11 

White  race 

10  (66.7) 

86  (63.2) 

1.2 

.98 

22  (66.7) 

74  (62.7) 

1.2 

.83 

Eye  infection 

Symptoms  consistent 
with  conjunctivitis 

4  (26.7) 

29  (21.3) 

1.3 

.74 

33  (100) 

Duration  of  conjunctivitis, 
median  days  (range) 

2  (1-3) 

3  (1-10) 

0.3 

.08 

3  (1-10) 

Missed  work  because  of 
conjunctivitis 

1  (6.7) 

3  (2.2) 

3.2 

.34 

4(12.1) 

0 

.002c 

Other  symptom 

Fever 

0 

10  (7.4) 

.60 

2  (6.1) 

8  (6.8) 

0.9 

1.0 

Cough 

8  (53.3) 

73  (53.7) 

1.0 

.80 

21  (63.6) 

60  (50.8) 

1.9 

.20 

Sore  throat 

4  (26.7) 

44  (32.4) 

0.8 

.76 

10  (30.3) 

38  (32.2) 

0.92 

1.0 

Risk  factor 

Contact  with  person  with 
conjunctivitis 

7  (46.7) 

53  (39) 

1.4 

.76 

18  (54.5) 

42  (35.6) 

2.2 

.08 

Sharing  towels 

1  (6.7) 

0 

.10 

1  (3) 

0 

.22 

Sharing  washcloths 

0 

4  (2.9) 

1.0 

3  (9.1) 

1  (0.8) 

11.7 

.03c 

No  use  of  soap 

2  (13.3) 

4  (2.9) 

5.1 

.11 

1  (3) 

5  (4.2) 

0.7 

1.0 

No  use  of  liquid  hand  cleaner 

0 

0 

0 

0 

Cigarette  use  in  past  6  months 

4  (26.7) 

54  (39.7) 

0.6 

.48 

16  (48.5) 

42  (35.6) 

1.7 

.25 

Wearing  glasses 

6  (40) 

42  (30.9) 

1.5 

.56 

15  (45.5) 

33  (28) 

2.2 

.09 

NOTE.  Data  are  no.  (%>  of  persons,  unless  otherwise  indicated. 
a  For  patients  with  S.  pneumoniae  carnage  vs.  patients  without  S.  pneumoniae  carriage. 
b  For  patients  with  self-reported  conjunctivitis  vs.  asymptomatic  persons. 
c  Statistically  significant  {P<.05>. 

susceptible  to  penicillin;  reports  of  ocular  infections  due  to 
penicillin-resistant  5.  pneumoniae  have  been  noted  [30]. 

The  outbreak  was  controlled  through  education  about  good 
hygienic  practices,  including  avoiding  sharing  washcloths,  in¬ 
creasing  hand  washing,  and  using  alcohol-based  gels.  Alcohol- 
based  gels  have  been  useful  in  controlling  other  conjunctivitis 
outbreaks,  but  a  formal  study  of  their  utility  in  this  setting  is 
lacking  [4);  their  usefulness  has  been  proven  in  hospital  settings 
[31).  Another  component  in  the  control  of  the  outbreak  was 
likely  the  reduction  of  the  number  of  military  trainees  at  the 
camp,  which  serendipitously  occurred  during  the  holiday  sea¬ 
son.  It  is  unclear  which,  if  any,  of  these  preventive  strategies 
were  important  in  halting  the  outbreak.  Pneumococcal  im¬ 
munization  was  not  useful  in  this  outbreak;  although  the  23- 
valent  polysaccharide  vaccine  has  excellent  efficacy  in  pre¬ 
venting  pneumococcal  bacteremia  in  adults,  it  has  no  significant 
benefit  in  preventing  surface  infections,  such  as  conjunctivitis, 
otitis  media,  or  pneumonia  [32,  33).  Furthermore,  the  antibody 
response  generated  is  to  that  of  capsular  polysaccharides;  how¬ 
ever,  the  outbreak  strain  was  unencapsulated.  A  better  under¬ 
standing  of  the  pathogenesis  of  pneumococcal  infections  [20], 


particularly  those  due  to  unencapsulated  strains,  is  needed  to 
devise  improved  preventive  strategies. 

Acknowledgments 

We  thank  Rey  Reyles,  Deanne  Harley,  Sharon  Judd,  and  Jason  Unruh, 
for  the  tracking  and  microbiologic  evaluation  of  the  isolates;  Dave  Metzgar 
and  Nikki  Freed,  for  invaluable  assistance  in  molecular  testing;  Christian 
Hansen,  Tyler  Smith,  and  Tony  Hawksworth,  for  assistance  with  analyses 
of  historic  rates  of  conjunctivitis;  Daniel  Musher  and  Heather  Ceaser,  for 
providing  the  1980  S.  pneumoniae  isolate  for  molecular  comparison;  Judy 
Christensen,  for  graphic  design  of  figures;  and  Mark  Wallace,  for  critical 
manuscript  review. 

Conflict  of  interest.  All  authors:  No  conflict. 


References 

1.  Leibowitz  HM.  The  red  eye.  N  Engl  J  Med  2000;343:345-51. 

2.  Brook  I.  Anaerobic  and  aerobic  bacterial  flora  of  acute  conjunctivitis 
in  children.  Arch  Ophthalmol  1980;98:833-5. 

3.  Centers  for  Disease  Control  and  Prevention.  Outbreak  of  bacterial 
conjunctivitis  at  a  college — New  Hampshire,  January-March,  2002. 
MMWR  Morb  Mortal  Wkly  Rep  2002;51:205-7. 

4.  Martin  M,  Turco  JH,  Zegans  ME,  et  al.  An  outbreak  of  conjunctivitis 


Outbreak  of  S.  pneumoniae  Conjunctivitis  •  C1D  2004:39  (15  October)  •  1153 


due  to  atypical  Streptococcus  pneumoniae.  N  Engl  J  Med  2003;  348: 
1112-21. 

5.  Enright  MC,  Spratt  BG.  A  multilocus  sequence  typing  scheme  for 
Streptococcus  pneumoniae:  identification  of  clones  associated  with  se¬ 
rious  invasive  disease.  Microbiology  1998;  144:3049-60. 

6.  Kumar  S,  Tamura  K,  Jakobsen  IB,  Nei  M.  MEGA2:  molecular  evolu¬ 
tionary  genetics  analysis  software.  Bioinformatics  2001;  17:1244-5. 

7.  NCCLS.  Methods  for  dilution  antimicrobial  susceptibility  tests  for  bac¬ 
teria  that  grow  aerobically;  approved  standard.  6th  ed,  vol  23,  no  2. 
NCCLS  document  M7-A6.  Wayne,  PA:  NCCLS,  2003. 

8.  Carvalho  MG,  Steigerwalt  AG,  Thompson  T,  Jackson  D,  Facklam  RR. 
Confirmation  of  nontypeable  Streptococcus  pneumoniae-Uke  organisms 
isolated  from  outbreaks  of  epidemic  conjunctivitis  as  Streptococcus 
pneumoniae.  J  Clin  Microbiol  2003;41:4415-7. 

9.  Pneumococcal  conjunctivitis  at  an  elementary  school — Maine,  Sep¬ 
tember  20-December  6,  2002.  Can  Commun  Dis  Rep  2003;29:142-4. 

10.  Shayegani  M,  Parsons  LM,  Gibbons  WE  Jr,  Campbell  D.  Characteri¬ 
zation  of  nontypable  Streptococcus  pneumoniae~\ike  organisms  isolated 
from  outbreaks  of  conjunctivitis.  J  Clin  Microbiol  1982;  16:8-14. 

11.  Ertugrul  N,  Rodriguez- Barradas  MC,  Musher  DM,  et  al.  BOX-poly- 
merase  chain  reaction -based  DNA  analysis  of  noserotypeable  Strep¬ 
tococcus  pneumoniae  implicated  in  outbreaks  of  conjunctivitis.  J  Infect 
Dis  1997;176:1401-5. 

12.  Hall  LM,  Whiley  RA,  Duke  B,  George  RC,  Efstratiou  A.  Genetic  re¬ 
latedness  within  and  between  serotypes  of  Streptococcus  pneumoniae 
from  the  United  Kingdom:  analysis  of  multilocus  enzyme  electropho¬ 
resis,  pulsed-fteld  gel  electrophoresis,  and  antimicrobial  resistance  pat¬ 
terns.  J  Clin  Microbiol  1996;34:853-9. 

13.  Muller-Graf  CD,  Whatmore  AM,  King  SJ,  et  al.  Population  biology  of 
Streptococcus  pneumoniae  isolated  from  oropharyngeal  carriage  and  in¬ 
vasive  disease.  Microbiology  1999;  145:3283-93. 

14.  Medeiros  MI,  Neme  SN,  da  Silva  P,  et  al.  Streptococcus  pneumoniae 
and  Haemophilus  influenzae  as  etiological  agents  of  conjunctivitis  out¬ 
breaks  in  the  region  of  Ribeirao  Preto,  SP,  Brazil.  Rev  Inst  Med  Trop 
Sao  Paulo  1998;40:7-9. 

15.  Finland  M,  Barnes  MW.  Changes  in  the  occurrence  of  capsular  sero¬ 
types  of  Streptococcus  pneumoniae  at  Boston  City  Hospital  during  se¬ 
lected  years  between  1935  and  1974.  J  Clin  Microbiol  1977;5:154-66. 

16.  Barker  JH,  Musher  DM,  Silberman  R,  Phan  HM,  Watson  DA.  Genetic 
relatedness  among  nontypeable  pneumococcal  implicated  in  sporadic 
cases  of  conjunctivitis.  J  Clin  Microbiol  1999;37:4039-41. 

17.  Kim  JO,  Weiser  JN.  Association  of  intrastrain  phase  variation  in  quan¬ 
tity  of  capsular  polysaccharide  and  teichoic  acid  with  the  virulence  of 
Streptococcus  pneumoniae.  J  Infect  Dis  1998;  177:368-77. 

18.  Weiser  JN,  Austrian  R,  Screenivasan  PK,  Masure  HR.  Phase  variation 
in  pneumococcal  opacity:  relationship  between  colonial  morphology 
and  nasopharyngeal  colonization.  Infect  Immun  1994;62:2582-9. 


19.  Terry  JE.  Ocular  pathogenicity  of  Streptococcus  pneumoniae.  J  Am  Op- 
tom  Assoc  1984;55:587-90. 

20.  Gillespie  SH,  Balakrishnan  I.  Pathogenesis  of  pneumococcal  infection. 
J  Med  Microbiol  2000;49:1057-67. 

21.  Gigliotti  F,  Hendley  JO,  Morgan  J,  Michaels  R,  Dickens  M,  Lohr  J. 
Efficacy  of  topical  antibiotic  therapy  in  acute  conjunctivitis  in  children. 
J  Pediatr  1984;  104:623-6. 

22.  Farrell  DJ,  Douthwaite  S,  Morrissey  I,  et  al.  Macrolide  resistance  by 
ribosomal  mutation  in  clinical  isolates  of  Streptococcus  pneumoniae 
from  the  PROTEKT  1999-2000  study.  Antimicrob  Agents  Chemother 
2003;47:1777-83. 

23.  Ubukata  K,  Iwata  S,  Sunakawa  K.  In  vitro  activities  of  new  ketolide, 
telithromycin,  and  eight  other  macrolide  antibiotics  against  Strepto¬ 
coccus  pneumoniae  having  mefA  and  ermB  genes  that  mediate  macrolide 
resistance.  J  Infect  Chemother  2003;9:221-6. 

24.  Carbon  C.  A  pooled  analysis  of  telithromycin  in  the  treatment  of 
community-acquired  respiratory  tract  infections  in  adults.  Infection 
2003;31:308-17. 

25.  Kucukbasmaci  O,  Gonullu  N,  Aktas  Z,  Gurol  D,  Berkiten  R.  In  vitro 
activity  of  telithromycin  compared  with  macrolides  and  fluoroquin¬ 
olones  against  Streptococcus  pneumoniae,  Haemophilus  influenzae,  and 
Moraxella  catarrhalis.  Int  J  Antimicrob  Agents  2003;22:497-501. 

26.  Gray  GC,  McPhate  DC,  Leinonen  M,  et  al.  Weekly  oral  azithromycin 
as  prophylaxis  for  agents  causing  acute  respiratory  disease.  Clin  Infect 
Dis  1998;26:103-10. 

27.  Gray  GC,  Witucki  PJ,  Gould  MT,  et  al.  Randomized,  placebo-controlled 
clinical  trial  of  oral  azithromycin  prophylaxis  against  respiratory  in¬ 
fections  in  a  high-risk,  young  adult  population.  Clin  Infect  Dis  2001  ;33: 
983-9. 

28.  Putnam  SD,  Gray  GC,  Biedenbach  DJ,  Jones  RN.  Pharyngeal  coloni¬ 
zation  prevalence  rates  for  Streptococcus  pyogenes  and  Streptococcus 
pneumoniae  in  a  respiratory  chemoprophylaxis  intervention  study  us¬ 
ing  azithromycin.  Clin  Microbiol  Infect  2000;6:2-8. 

29.  Gray  GC,  Callahan  JD,  Hawksworth  AW,  Fisher  CA,  Gaydos  JC.  Re¬ 
spiratory  diseases  among  US  military  personnel:  countering  emerging 
threats.  Emerg  Infect  Dis  1999;5:379-87. 

30.  Penland  RL,  Wilhelmus  KR.  Emergence  of  penicillin-resistant  Strep¬ 
tococcus  pneumoniae  ocular  infections.  Cornea  1998;  17:135-40. 

31.  Bischoff  WE,  Reynolds  TM,  Sessler  CN,  Edmond  MB,  Wenzel  RP. 
Handwashing  compliance  by  health  care  workers:  the  impact  of  in¬ 
troducing  an  accessible,  alcohol-based  hand  antiseptic.  Arch  Intern 
Med  2000;160:1017-21. 

32.  Simberkoff  MS,  Cross  AP,  Al-Ibrahim  M,  et  al.  Efficacy  of  pneumo¬ 
coccal  vaccine  in  high-risk  patients.  Results  of  a  Veterans  Administra¬ 
tion  Cooperative  Study.  N  Engl  J  Med  1986;315:1318-27. 

33.  Watson  L,  Wilson  BJ,  Waugh  N.  Pneumococcal  polysaccharide  vaccine: 
a  systematic  review  of  clinical  effectiveness  in  adults.  Vaccine  2002:20: 
2166-73. 


1154  •  CID  2004:39  (15  October)  •  Crum  et  al. 


REPORT  DOCUMENTATION  PAGE 

The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions  for  reducing  the  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and 
Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall 
be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  Control  number.  PLEASE  DO  NOT  RETURN  YOUR 
FORM  TO  THE  ABOVE  ADDRESS. 


12  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT  (maximum  200  words) 

Context:  Bacterial  conjunctivitis  usually  occurs  as  sporadic  cases;  outbreaks  are  uncommon  and  usually  are  associated  with  school 
campuses.  We  report  an  outbreak  of  conjunctivitis  due  to  a  novel  Streptococcus  pneumoniae  strain  that  occurred  among  military 
trainees. 

Objective:  An  outbreak  investigation  was  begun  to  determine  the  extent  of  the  outbreak,  confirm  the  cause,  and  implement  preventive 
strategies. 

Results:  During  a  6-week  period,  92  cases  of  conjunctivitis  occurred  among  3500  persons,  with  an  overall  attack  rate  of  1.75  cases  per 
100  person-months.  Eighty  (87%)  cases  were  due  to  S.  pneumoniae ;  45  (49%)  were  confirmed  cases,  and  35  (38%)  were  probable 
cases.  Ten  percent  of  recruits  surveyed  carried  the  outbreak  strain.  Twenty-two  percent  self-reported  symptoms  consistent  with 
conjunctivitis  during  the  outbreak  period;  sharing  washcloths  was  associated  with  conjunctivitis  (odds  ratio=l  1.8,/?=0.03).  The 
causative  organism  was  resistant  to  azithromycin,  but  sensitive  to  telithromycin.  The  outbreak  strain  was  identified  as  an 
unencapsulated  S.  pneumoniae  that  has  not  previously  been  described;  it  was  most  closely  related  to  the  sequence  type  causing  the 
Dartmouth  College  outbreak  in  2002. 

Conclusions:  This  outbreak  of  bacterial  conjunctivitis  among  military  trainees  was  caused  by  a  novel,  unencapsulated  strain  of  S. 
pneumoniae. 


15.  SUBJECT  TERMS 

Streptococcus  pneumoniae ,  conjunctivitis,  ocular  infection,  military,  outbreak 

17.  LIMITATION  18.  NUMBER 

OF  ABSTRACT  OF  PAGES 

UNCL  7 

19b.  TELEPHONE  NUMBER  (INCLUDING  AREA  CODE) 

_ COMM/DSN:  (619)553-8429 _ 


19a.  NAME  OF  RESPONSIBLE  PERSON 

Commanding  Officer 


16.  SECURITY  CLASSIFICATION  OF: 

a.  REPORT  I  b.ABSTRACT  I  c.  THIS  PAGE 

UNCL  I  UNCL  I  UNCL 


1.  Report  Date  (DD  MM  YY)  2.  Report  Type 

6  May  2004  New 

4.  TITLE  AND  SUBTITLE 

An  Outbreak  of  Conjunctivitis  Due  to  a  Novel  Unencapsulated  Streptococcus 
pneumoniae  Among  Military  Trainees _ 

6.  AUTHORS 

Nancy  F.  Crum  MD,  MPH;  Christopher  P.  Barrozo;  Frank  A.  Chapman,  MD;  Margaret 
A.  K.  Ryan  MD,  MPH;  Kevin  F.  Russell,  MD,  MPH _ 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Health  Research  Center 

P.O.  Box  85122 

San  Diego,  CA  92186-5122 

8.  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 

Chief,  Bureau  of  Medicine  and  Surgery 

Code  M2 
2300  E  St  NW 

Washington  DC  20372-5300 


3.  DATES  COVERED  (from  -  to) 

Nov  -  Dec  2003 

5a.  Contract  Number: 

5b.  Grant  Number: 

5c.  Program  Element: 

5d.  Project  Number: 

5e.  Task  Number: 

5f.  Work  Unit  Number:  6609 
5g.  IRB  Protocol  Number:  31271  (1999- 
0002) 


9.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

Report  04-16 

10.  Sponsor/Monitor's  Acronyms(s) 

11.  Sponsor/Monitor's  Report  Number(s) 


Standard  Form  298  (Rev.  8-98) 
Prescribed  by  ANSI  Std.  Z39-18 


